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g.2013.06Abstract Landmine is an explosive apparatus hidden in or on the ground, which blows up when a
person or vehicle passes over it. Egypt is one of the countries suffering due to the unexploded ord-
nance (UXO). Around 2 million UXO are present in the Egyptian soil especially at Al-Alameen
province, north of the western desert. Detection of buried landmines is a problem of military
and humanitarian importance.
Ground penetrating radar (GPR) is a powerful and non-destructive geophysical approach with a
wide range of advantages in the ﬁeld of landmine inspection. In the present paper, we apply differ-
ent simulation models with Vivaldi antenna and mine-like targets by using the CST Microwave stu-
dio program. The ﬁeld work is carried out by using a GPR device of model SIR 2000 from GSSI
(Geophysical Survey Systems Incorporation) connected to 900 MHz antenna where the targets were
buried in sand soil. Depending on the fact that the receiving powers (reﬂected, refracted and scat-
tered) from the different materials are different, we study the spectral power densities for the
received power from the different targets. The techniques used in this study are: direct fast Fourier
transform, short time Fourier transform (spectrogram), wavelets transform and denoising tech-
niques. Our results ought to be considered as ﬁnger prints for different scanned targets during this
work. So we can discriminate between landmines and mine-like targets.
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Ground penetrating radar (GPR) is a geophysical instrument
that uses radar pulses to image the subsurface of the earth.
It involves the application of high frequency electromagnetic
ﬁeld (frequency band is 10–4000 MHz) to the ground. Its nat-
ure as a non-destructive technique in addition to its capability
to allocate the ﬁne targeted physical discrepancies enhances the
chance to achieve progress in the ﬁeld of landmine detection.ational Research Institute of Astronomy and Geophysics.
Fig. 1 Excitation signal of antenna.
Fig. 2 models in CST program. (a) PEC model at a dista
Fig. 3 GP
Discrimination between landmine and mine-like targets using wavelets and spectral analysis 55Furthermore, its sensitivity to detect discontinuities in the elec-
tric permittivity of the ground has long been recognized as
making it useful for ﬁnding landmines with little or no metal
content (Daniels, 1996).
Several signal processing approaches have been suggested
to improve the performance of GPR systems such as wavelets
(Carevic, 1999), deconvolution (Roth, 2004) and spectrogram
analysis. It is proven that, the use of the cross-correlation ap-
proach is faster in operation to locate the mine-like objects
(Abbas and Lethy, 2005). The ﬁnite difference time domain
(FDTD) method Yee, 1966 is one of the most popular tech-
niques for the simulations of GPR problems (Daniels, 1996)
and (Lawrence, 1998). The FDTD method has the power ofnce of 5.8 cm. (b) TNT model at a distance of 5.8 cm.
R trace.
Fig. 4 Reﬂected power comparison and spectrogram analysis for PEC and TNT. (a) Reﬂected power comparison. (b) Spectrogram
analysis of PEC. (c) Spectrogram analysis of TNT.
56 M.A. Mohana et al.solving problems involving the arbitrarily layered media con-
taining arbitrary inhomogeneities.
Detection algorithms are developed and used to discrimi-
nate between the buried targets and other inhomogeneities
embedded in the ground. Hence, if the simulation results are
to be used in the development of the detection algorithm, the
heterogeneous nature of the ground should be included in
the simulation model (Levent and Og˘uz, 2001). This paper
deals with using of CST Microwave Studio 2010 program(Manual of CST Microwave Studio, 2010) to generate differ-
ent simulation models by using two Vivaldi antennas (Sato
et al., 2004): one as a transmitter and the other as a receiver.
Also TNT disk and metal disk targets buried in soil have been
used. Signiﬁcantly, an ultimate objective of this work, is to
produce a scheme ﬁnger print for the different experimental
targets coming here; initially the reﬂected signal power of the
different targets is plotted in correspondence to their position.
Then, spectrogram analysis, the Daubechies (db2) wavelets
Fig. 5 PEC disk at a distance of 5.8 cm. (a) Db2 wavelets analysis after denoising. (b) Finger print of PEC disk. (c) Multiple reﬂections
after PEC disk.
Discrimination between landmine and mine-like targets using wavelets and spectral analysis 57transform and denoising of non-white noise have been used to
clarify the received signal from the individual targets. So it
becomes possible to compare the physical scattering of each
target and attribute it as the target’s ﬁnger print.
Furthermore, experimental ﬁeld work is carried out by
using GPR of model SIR 2000 from GSSI attached to the
antenna of 900 MHz to fulﬁll the conceptual assessments tovalidate the ﬁnger print assigning. Therefore; a test site has
been constructed within the campus of the National Research
Institute of Astronomy and Geophysics (NRIAG). The elabo-
rations of the actual ﬁeld work have been performed using four
different itemized targets; plastic sphere, metal spheres, anti-
tank landmine, and antipersonnel landmines. The used land-
mines are passive; the wick is demilitarized, they together
Fig. 6 TNT disk at a distance of 5.8 cm. (a) Db2 wavelets analysis after denoising. (b) Finger print of TNT disk. (c) Multiple reﬂections
after TNT disk.
58 M.A. Mohana et al.with the plastic and metal targets are buried in the sandy
ground. Fitting curves have been made where the velocity of
EM propagation could be estimated. The power distribution
around the position of targets at wavelets and denoising of
non-white noise have been studied, also the distribution of re-
ﬂected power coming from the multiple reﬂections after targets
positions have been made.2. Simulation models
In this section, we carry out simulation models by using CST
Microwave Studio 2010 program applying (FDTD) method,
where two Vivaldi antennas separated by 5.8 cm distance are
used as the transmitter (Tx) and the receiver (Rx) antennas.
They operate in the radar frequency range between 100 MHz
Fig. 7 The distribution of targets in the test site.
Fig. 8 The block diagram for work steps.
Discrimination between landmine and mine-like targets using wavelets and spectral analysis 59and 4 GHz. The excitation signal of the Tx antenna is shown in
Fig. 1. Perfect electric conductivity (PEC) disk target and TNT
disk target with assumed relative permittivity of 2.8 of radii of
10 cm, and heights of 10 cm are buried in the soil at a depth of
10 cm as shown in Fig. 2a and b. A relative permittivity of the
soil is assumed to be 4 which imposed because it rewards the
average relative permittivity of sand.
After the simulation run by the CST, we get the simulated
reﬂection signal of disks as an ASCII code, and then we design
a MATLAB routine to interpret these codes as shown in
Fig. 3a and b. MATLAB calculates and plots the comparison
of the reﬂected power of PEC disk, TNT disks, and the spec-
trogram image of the reﬂected signals which reveal the position
and existence of the PEC and TNT disks as shown in Fig. 4a–
c. Daubechies wavelets (db2) analysis Carevic, 1991 is imple-
mented to sample the reﬂection signal produced in the CST
output ASCII codes, the sampling period is 1 s along the sam-
pling range 1 s as minimum and 64 s as the maximum with 1 s
interval at each step (step by step mode). After analyzing the
signal, we get 3D ﬁgures where the horizontal axis is the time,
the vertical axis is the frequency and the color is the strength of
the power content as shown in Figs. 5a and 6b. By comparing
the Figs. 5 and 6, as a, b, and c correspondingly at the time
which indicated from power Fig. 4a we ﬁnd that the power dis-
tribution around this time looks like an inverted cup in all the
studied cases as shown in Figs. 5b and 6b. The value of the
area enclosed under this cup varies depending on the target
kind, which has enabled us to differentiate between the metal-
lic and non-metallic targets.The quantity of power under the
cup equals = e(w, t)dwdt , where e represents the power den-
sity at the point (w, t). Considering e is approximately constant
all over the area under the cup, the approximate power can be
equal = edwdt. Since the degree of color under the two cups
of the two considered cases is approximately equal, we can use
the areas under the two cups in comparison. Larger area indi-
cates larger power distribution. The distribution of the re-
ﬂected power coming from multiple reﬂections in the timeTable 1 The description of buried targets.
No. Targets Width (
1 Antitank mine 32
2 Metal sphere 9 cm dia
3 Antipersonnel mine 7
4 Plastic sphere 9 cm diaphase which is located after the target position in the graph
varies according to its kind. The ratio between multiple reﬂec-
tions after PEC disk is larger than multiple reﬂections after
TNT disk. From these results we ﬁnd that the TNT disk has
a smaller area around the cup than the PEC disk as a result
of high scattered power from the TNT disk. Also the area of
multiple reﬂections for PEC is much wider than the area for
TNT target. So we can use these results as ﬁnger print for
targets.3. Field test work
A test site has been carefully constructed in a soil-ﬁeld compa-
rable to the actual desert soil-ﬁeld in which the UXO are dis-
tributed in Egypt; namely the Al-Alamein mine ﬁeld, north of
the western desert. An area of 5 m by 5 m in the NRIAG’s
campus has been selected for this purpose. We kept the land
as much as possible undisturbed at its original site, so we
tightly dug out soil to plant four test targets in the site, care-
fully marked, at a depth of 10 cm. The target set is composed
of two actual mines brought in their passive form and two
mine like targets; these are an antitank mine T1, metallic
sphere T2, antipersonnel mine T3, and plastic sphere T4 and
are distributed over the site as shown in Fig. 7. The site has
been surveyed using the GPR instrument of model SIR 2000
from GSSI and monostatic antenna of 900 MHz. The intervalcm) Height (cm) Depth (cm)
7 10
meter 10
6.8 10
meter 10
Fig. 9 Antitank mine T1 results. (a) Photo of antitank mine. (b) GPR section and GPR trace. (c) Fitting curve.
60 M.A. Mohana et al.between the successive GPR proﬁles was 5 cm. The continuous
mode is used in this experiment. The GPR proﬁles cover the
survey site in two perpendicular directions (x and y). Descrip-
tion of the used targets is shown in Table 1.
The experiment’s work ﬂow chart is shown as a block dia-
gram in Fig. 8. The experimental work has been executed as
described before, then the data are extracted from GPR instru-
ment with Radan format (\.dzt). The data are converted to
ASCII code then treated by Surfer program which has to plot
and digitize the curve The digitized data are analyzed by usingMATLAB code to get ﬁtting curves for all targets. The velocity
of EM propagation in sand can be estimated respectively for
the four targets by using the ﬁtting curves as shown in
Figs. 9a–c, 10a–c, 11a–c and 12a–c. We determine the depth
of the targets (d) and found the time (T) from curves for target,
and then we can calculate the velocity (v) by the equationv ¼ 2d
T
 
Fig. 10 Metallic sphere T2 results. (a) Photo of metallic sphere. (b) GPR section and GPR trace. (c) Fitting curve.
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tion at all targets are 0.075, 0.075, 0.129 and 0.08 m/ns for
Antitank, metallic sphere, antipersonnel and plastic sphererespectively. These velocities are nearby the velocity in between
dry sand and saturated sand (wet sand) in Table 2 (Jol, 2009;
Davis and Annan, 2009).
Fig. 11 Antipersonnel mine T3 results. (a) Photo of antipersonnel mine. (b) GPR section and GPR trace. (c) Fitting curve.
62 M.A. Mohana et al.Final step wavelets and denoising of non-white noise have
been used to the trace the positions of targets where
Fig. 13a–d shows the ﬁnger print for antitank, antipersonnel,metallic and plastic spheres respectively. From this ﬁgure we
notice that every target has different power distribution
around its position so that we could discriminate between
Fig. 12 Plastic sphere T4 results. (a) Photo of plastic sphere. (b) GPR section and GPR trace. (c) Fitting curve.
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study the distribution of power reﬂected as multiple reﬂections
in the times which elapsed after the target position was deter-
mined. By comparing all multiple reﬂections we ﬁnd that every
target has different multiple reﬂections, where the multiple
reﬂection after antitank is the strongest distribution power as
shown in Fig. 14a–d.4. ConclusionIn the present study, various techniques have been used to dis-
criminate between two actual mines (brought in their passive
state) and two mine-like targets. The simulation CST Micro-
wave Studio 2010 program has been used to generate models
Fig. 13 Power distribution around the object. (a) Antitank mine.
Table 2 Electrical properties of common geological media
(Jol, 2009; Davis and Annan, 2009).
Material r r (mS/m) v (m/ns)
Air 1 0 0.3
Distilled water 80 0.01 0.033
Fresh water 80 0.5 0.033
Sea water 80 30.00 0.01
Dry sand 3–5 0.01 0.15
Saturated sand 20–30 0.1–1.0 0.06
Limestone 4–8 0.5–2 0.12
Shale 5–15 1–100 0.09
Silt 5–30 1–1000 0.07
Clay 4–40 2–1 0.06
Granite 4–6 0.01–1 0.13
Salt (dry) 5–6 0.01–1 0.13
Ice 3–4 0.01 0.16
r: the dielectric constant.
r: the electrical conductivity of medium (m Siemens/m).
v: the velocity of the electromagnetic wave in medium.
64 M.A. Mohana et al.for condition of mines (metal, TNT disks) buried in the subsoil
at a depth of 10 cm. Our approach is to get initially the target
positions by comparing the reﬂected power. Then we use the
Daubechies wavelets (db2) and spectrogram to compare be-
tween the metal PEC and TNT disks. By comparing two
images one for the metal and another for the TNT under the
same conditions, we ﬁnd that the power distributions around
the positions which were determined from reﬂected power ﬁg-
ures look like inverted cups in all cases. The calculated areas
under these inverted cups are differing from one target to an-
other. The areas representing multiple reﬂections are different
also. So we easily differentiate between two targets by using
the last information as a ﬁnger print for targets.
The ﬁeld work and MATLAB code has been used to get ﬁt-
ting curves for the relation between the position and depth of
all the buried targets to estimate approximately the propaga-
tion velocity of the EM wave in the soil used in our experi-
ment. The estimated velocities are close to the velocity of wet
sand in reference tables. Also we use wavelets and denoising
of non-white noise to make ﬁnger prints of targets by initially(b) Antipersonnel mine. (c) Metallic sphere. (d) Plastic sphere.
Fig. 14 Multiple reﬂections after positioning of targets. (a) Antitank mine. (b) Antipersonnel mine. (c) Metallic sphere. (d) Plastic
sphere.
Discrimination between landmine and mine-like targets using wavelets and spectral analysis 65studying the reﬂected power distribution around the target
which is similar to the shape of an inverted cup which varies
depending on the target type. Then the distribution of power
reﬂected as multiple reﬂections in the time phase which is
elapsed after the target position in the graph varies according
to its kind. These results enable us to discriminate between the
characteristics of different targets.Acknowledgement
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